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Ttis invention relates to optical tpparatas. of the 
kind with irhicfc a speoikan or a portion thereof can be 
illuam&vec a apee imen-illuaLinatifl^ beam ot coherent 
light and a pfc^t; ©graphic ri&oxd tar, fce obtained or an 
i.nt<?rxe.ren<itf j^ttem product as a result or Uie illumination. 
Tbe tens "cofcereat? light* refers to rcono-ciisoratic light 
supplied fro^ a single soarse. of email £2ix.ens2CDs* ?te 
«ai3 ap£ , cia«'£-iiii2aica^2Ji^ beac, after diffraction at fee 
special ox iliutsinatea pux*tio» tha-pavf) e^Utfttas 
an i^o rotation- a a Frying beam W the said interf&reMca 
pettem results from tte isterierar-oe tta iwtora&tiQB- 
carrpitfg bead with a b^c^^round be*>a which haa Sot a< »en 
selected by tne speoijmen. Ir the pfcotgrapfcic record is 
suitably procee&ed ana Illueiaatsdi £ aa^nifiea representation 
of the specimen j or ti*a illuminate portion thereof, can be 
reDOiujtruct&d ±a speoe. Optical apparatus of t£ia kin* 
nave csen described- in fch* Precast in >?a of tee atpa! .Society, 
Section A j voiuciQ 197) at pases 454 to 48? and in tie' - 

Prooasdings. of ti>e ?hysigal 3ooiety* seetiwj s, -volume 64> 
19S1, at p&ses 449 to 469* 

Hereinafter, ?.*>en a sF&cirjen is referred tOj th* 
word is "to be understood as including t^e il Lamina tad porti&ia 
thereof ^ unless the contrary intention ia stated* 

Tbe photographic record obtained with optical' 1 apparatus 
of the Iticd describe* etove J* a bear, tejstad a "fcoloeram* 
Q»d this nane aill be- used hsreiaaf t^r. flhEra producing a 
hologi>aiE it la essential tittt tne baoJcground beo* rite 
which tixe in Torna ti on- 2 «rry in g seam is brought so interference 
afcwiG. be ct high irt-snsity aa compared Jritb tfce information - 
catkins ceeau 
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?rererafcly, ft* intercity of t&* beam 9 is betireen 10$ 
end o A 09# or tt» intensity or the oeem a. 

The specimen -illuminat lag oeam 7 tra^fcrae* & 
to telly- re fleeting, prisn 9> ana a epsciniBD supported 
03 a transparent slid* 1C, tie resulting ixxf oraatio.v-- 
carrying beam traversing - an objective 11 and. being 
incident upon a first surface IS of a priazi 15 <stowi 
enlarged Figure Z) vrliioh Is of a type that 
jiersicAf-ser rill be referred to as 6 "ouadraiurs jprlaci*, 
Tfce backsrcund : aeam 6 t raver aes a fcedge eecipenssctar. 
14;, as c\)jecti7B 15 (irhlct is similar to the 
oajactive n a o that the optical }ath lengths ior tn& 
t?o teams a?o rendered ap^roxicaa-uely equal) and e 
to tally-refl noting prism IS, aad Is incident upoa a 
s^CDBd surface 17 of ti» quadrature pri&us 15 ♦ 
2he aoapsnsator 14; is used for making auall orange a 
i» £ie lensth of til* op*U&l pata- traversed oy the 
^aac 5^ $o that it can -to HLBde e-q^al to tha orptio*l 
path Un-th of the haam ?• The condsnasr l«as 4 
prcduces an image of the. aperture l in or aear to a 
plane c obtain log th& apec^maa and thereby ansuraa that 
full ua$ ls'm&de of the IX £rt availeole from aperture 1* 
It is not naoeasary for toe la tit-mentioned JUo&se 
to fce foauasd aecarstaly ; t&ls will he .«pLsined. l». 
great &r detail hereinafter* 

In the qua irature prisa 12, one form of vhich if ill 
be describe* in detail later, the surfaces 12 and 17 
&nft an intermediate transparent layar. 19 {Fig&re 25 
are &uch *h&t tte he&aa incident on the aurfaee* 12 



backgycund beasis off oofcsrent- It git; derivs4 from t:ie 
sa&e aouroe to produce interffcreiice De^a-en eac-a 
d»foti»sUoti-6arap?iJi6 warn aiatts- respective background 
bfcate, eacn of fchsaa- tackgrpting teojr.& being of high iateialty 
relatively to the- intWna ityV 0 ? : t35e iottication-eftCTyiss 
beam* and tbe phage aigsiac>)n*nts of titf T&Dr& frosts ftf the 
tec tatkgxaand be&ia relatively tc tiaa wevafronts or thfcir 
raapectiifc iaforc»ttoi-c^*rjiae oscm aiff&rlJiG ty aa oaa 
number of .quarter saves. 

Apparatus 3c"o©-}$rin£ the invantlen ^ill noiv described, 

"by ox example, site reference' to the acooaipanyiDS 
schema, tic draiftngs wherein!- 

Fig»r* 1 shora a firs* apparatus, 
. Figure 8 show&> to a lar&er acale, ona ot the optical 
oOfcxafcnta of tne apparatus in Figure 1 T 

Figure a shows a second apuaxa^uSi 

Figure 4 a&o<s* a third apparatus. 

£ef erring nOT? to ?ijure 1, j&oa^c aromatic liftht from 
a source (not saorci) folia on ta an aperture l a Thioh 1* 
suf f iciently small to en9ux» spatiai eoherence of a resulting 
ligfct bearo The ^eem 2 is dirsctea by a t^tal-r^f lastlon 
prism 3 xjhrsufeh a condenser lona 4 acid on *eo a beam- 
splitters prise* 5» She psiam 5 iaaa a bees- splitting "surface 
6 of relativ^iy lil£h-treEa;juaai.&r> end lcrnf-rerlection 
er*fici&noy (eg, the surface ig vers lightly »:iv«r*<l 
aluminiseah eo tfc&t the team 2 is split into a relatively 
low-ir,ter.sity apeciraen-iU^ucinatin^ tea*. 7 anicfc ia to 
traverse the specie aaa £ relatively high- int** sit? 
background bea* 3 T?hica is to by-paas the specie. 



Ia tb* optical apparatus described in the above- 
mentioned publications th* Dagnifled ?toi £4 ensa t i on of 
the apcaicren Qsr-ivea -frca une bologi-wa ia sOa^a eccoatpe-Qied 
hi' c conjugate. aagr,U*ied £6p*esenfcatior< of tJte saa« 
iatea&ity, but displaced in spase. frca tae first-menticned 
re-presentatioE. It oan arrayed that, T&ejp th$ rirst- 
I5*fiti«ed repTfea&ji-batlcii ia -*i&«ed Tfitfc maximum ab&jpn&s» 
and minimum distortion, "he conjugate representation is 
3i*£3S^& a md distorted. 

■ prsaeae* c? th« conjugate arepresentatiftfc, even 
Tpfccja diffused an£ distorted, ' seT^rflly licoita t^? tfifcld of 
application of aueh optical apparatus, sad it is ar: objaijt 
of th? prtaeoit iflve-ntlon to provide optio&l artifcrstua 05 ttis 
fel£d described rcith which the;re can be potaised ft 
photographic record of auc>* nature that, ©a saitabis 
iiaurtination of tbe said record e single BflgTiified 
rejra&a&taticm of the speoioeu id obtained, the &&n jugate 
rep re a©nt atlas be leg 6"llad:cated« A photographic record in 
accordance -with the 5JMS«r3 iXtYentiocj cotsprisas two fcolcgraaa 

A.c.&c.xdin$ tfc -this ia^afeLoa optical e>cpa*titus of the 
iclfiS de-fcori'bQd, acd adapted for use T/itb a source of 
coherent light, include* means for illuminating with coherent 
light frpao the source & plane in* *hi«b a apwi^n to be 
exacined con be located, end caeana tor splitting, tas light 
after incidence upon said piane lcto' two a&par*tfc 
inf or*Bti<an- oa rryin& be,&tas erf approximately equal intensity, 
and re* directing upaji aepsrated portions or * plana in 
which a photosensitive surface can be'lco&ted aaeh of a&id 
inforaation- carrying, ba&ms together vttiL a different 043b of 



end 17 are tr&nsaiited £E<i reflected Tfith appi-oximatdly 
equal erflcienc?, sad predetermined pimae displaoeBente' 
^ protfaeed between, the reflected &nd transmitted beams 
resulting fnca each ut the besras 7 aafl 8, 2be transaittad 
beeuca 7a. frcm *h«: infomation-sa*r$ing beam 7 is superimpose (3 
on tiw r^flsct^d beam &b from- t&t bee'jcgrouna bsati B and Xfce 
reflected beaci 7b from tte lncoiaiation-cfitryiag be*ut«7.;ii 
superimposed on tbe transmitted beep;" 84 frOtttiie beam-d". 
Ths coaditioi; which oust vt fulfiil^d- ijcfore the oorifugate 
representation Z&k be elicinsted,- a* that the sua or th* 
phase aiapiececwnt between ?£.enfr.Bb ana tfce piase displace- 
ment bet?:ssa 85. and 7b. is an osld number of quarter **Ye& 
U»e, & quarter ^Te or aa ode multiple thereof)* Tibia 
condition can also Oe expressed as follows the dirfereaoe 
Of tha pfcaae difference between 7a a as 3b on-tb> one hacd* 
and tb.e phaa= difference bet wax; 5a, and 7b trve other 
liana, must be en odd number or Quarter naves. 

Stfsas 19 and SO ara provided i» * 3900! at ion with tfce 
quadrature, priaa 13 and. are ao arranged v£»t tfc* t2*n£3LiTted 
and jsflftctfed inf oraa ^lon--Garryirig osama 7a_ and ?b £ach 
undergo tvQ jefleationa and, thaa, are iuoidairt on tbe 
pbotoeenaitive surface of a pfcotograsaio plate 2X n?ith 
the saae ariantetion. s&e plate 21 is .supported by a 
frar.e or slid* 28. Preferably a f ieW lena S3 ia 
disposed in the path of *ach or* the combined baaita, tlie 
power a£ aacb lens bsiag audi tfcat tte iravefrontg or toe 
beckgrouDd beams 3£ end 3b, vben incident an the plate 21, 
are pLas*« 2ya-pieces £4 ard provided ior focusing th* 
iatsgea which arfe to b* recorded if it Is deaired to viati 
the&, bat tfte eye-piecee ar& net necessary parta of the 



apjfcratua. It t*11 apparent that aa long tht ■ 
quadrature prise 13 lias heen made vorxeotly the required 
diffei^jc^ bet^sn the tro phase diaplaescects 25 obtained 
aufr02aetically aDd t^e position d* ' * u he pho-ao^raSiJilG slats 
is not critical. Efcus, any iUpXaoetfefifc of the pl&te 
does Dot alter. tho pfc&ae cUspl&ceaient 'm-»vnc the two 
ca&bined JbeainA- 7a aad 8&, siac* tne tire optical petha are 
ir/sreaa'ad bry e^ual counts awi* similarly, ther* is 
no cfasD£e in fche phase d lap lac ease nt between the other t«o 
combined beams 7b a-nd 3^. 

Tfte juathematieal theory of the process of producing 
the hoiogreic has se&n eaplaiaefi fully ip the pu plications 
referred to above* 'Ihu.8 it has *o-2&o shown tiafc.it © 
atrouc, uairom, coherent background llluifiiaation ia 
auperic;poaed oca the interference pa^tert produced fcy ' 
diXf-r action at the speoicica, trie interne ranee patters 
being rep re abated . as is usual by tiro aoqso.nefc.te/ at ri$fct 
eagles tc each othsr, the pattern that result* ia the aaoe 
&a if the arigL238^ pfe^terc posseted only the socspoaent in 
phase T?ith the fcaeigroufcdL 1 Humiliation, the cc-apcnen t in 
quadra to xa with tcie haeigrctfad 1 llluoi&atidft heine 
€ff?eH"TCly"aappreseftd, Tb& hologram* in a«<fordftnCQ with the 
present ir,v*ntioo oossiat of two photographs is. naiob, the 
ghasa displacements ox the qa?*?£o£t£ of the two bac*$rouna 
iUuBisa?io&8 ralstiYely to thft wavefronts or their 
reapsettTa interference pattern fulfil the abGve-aentioned 
condition that th*y ehcuid differ by. an odd number of • 
Quarter wavee. She aSfeot i*, therefore, that the tvo 
photographs are complementary, each ooDxainlss bal? the 
ooepo^ent of the original, interference patters which is 
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Supposed in the other. If now the two photographs 

are efcoh illuminated with a uniform c ob£r*.nt background, 

the jphaaad ©f the two background illuminations being 

dieplac-e* by oa odd mam per o* quarter wveg s-elatiTelj to 

o*e anotaax, only on& aagnifieu repraaertatiof! of the 

original object is obtained, the- oonya^Bve representation being 

eliminated. 

The reason why a satisfactory hoiO£xaei cas b* 
produced *ith a :r?x*tiirelY I**?- intensity inf ornation- 
earryins b$e-a 7, despite ths preganoe of the relatively 
high- in tensity background jbe&ai 3 is that tfith coherent 
illumination the amplitudes are addea ani not the intensities, 
Fo* aiaeple, it thB ir/tensity of the inforraa si on- carrying 
b&aQ i* onl^ 1$ of the intfch&itj 01 th» aack^round ceara, 
Us Amplitude will be 1C$ of that of tha background 
ei^d, consider Jj&g the t^o limiting c&s*g of the wo teams 
exactly in ph&sa end out of phase, tha resultant intensity 
of the phonographic icagd *sriea from (l * 0*1} S = 1,31 to 
(1 -0.13 s * 0*81, TOichii-aftUVly strong contrast. 

3to the apparatus desoriiocd 'octh the io^r- intensity 
information- carrying, tssoa 7& aad ?jt sad the ni&h ijaten&ity 
• %*GXgrxpxi4, : b*ama 6a. and 3b are recorded in thfc holograms, 
althoas^ ttis only li£nt incident on tha specimen is the' 
ralatiireiy low- intensity specioen- Illuminating boam ?♦ 
Tins, it is p^s&iale to use the fciorcgcop* to obtain useful 
xesorfis is ^asea rhers tiiey misfit not otherwise bis 
obtalna'sltf, or if obtainable night not oe useful, due to the 
deletirioua effect or illuminating aeons ape oldens laith tke 
nji^tivfcly hi &b- intensify osokfcroua* beau, A representation 
can oe obtained *hen as little aa 0»02# of the light 
required to adequate sxpoaure of the photographic plate 

actually tr&va^ea the specicie^. 

-8- 
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R«f airing nor? to Figure 1, whs a tfcs Gptioal actors tua 
is to uaea for viewing ^iic tkc holograms of a 
photographic record in accordance *itn xae iaveati-on a 
Jace-oiivered mirror 25 is placed afcove the plate 61 nitk 
its silvered fece in contact rltii the emulsion 4uc a totally- 
reflecting prisiu ^ is iraesvced Jn tha path of the iaf creation- 
oa prying 'aaacj *?* The hologjeas are vieir&d only by tha light 

or tae two' background *oea<as s, the prlaa 2D preventing the 

• . / * ' . 
light o* the iafornation-oarryl^g bean 7 rfraahins tfce 

plate £l, Li£ht froE. the t*o teams 8§», and 3d trsve;ra*& 

tae ^late 31, ia reflected by the mirror £5 6^d ra-travsraea 

the plate, Ska repree Evasion obtainsd oeing Tia^td by 

ai«atts cr en. optical aysfcea tfcaprisa&g a iana S7 esa an 

eyepisea 8&« . -It Is xw* aeoeaaary to ensure that fc£e vxo 

^ck'^rouaa beazoa 8& antf ab are acoura^elj an oda iratbar of 

quarter via^ea out of -pases vith escii other, since the 

two T>e*eras ?a and 7b are no longer preset, esd th« phase 

displacement be-rcaec ^e fwo background beats varies 

'tis Trade 22 ia tlitad about an axis 29 perpendicular to 

the -plane of ishe drawing. Therefore, a mlcrcfceter acra* 

30 is prcvidad to snabla th? tiltlr.g of the franse to be 

varied* the correct -poeitl.cn for tine fjp&isis 88 ia easily 

recognised, since interference f rinses produced argued 

sdsea **M<tfi ere aSiarply focused by ths viewing optical 

system- (2? a«?d S3) aiaapF<s&r only if tiie phage diapiaceaeat 

is an odd lumbar of quarter wa7*a. 

fne eyepi*oe S3 is ad^st&d ur<t:il the raffessftatlon 

of ths specimen i& e&arpltf u'ocuaad in its field* It is 

bow pc&fci'oie to exaciiie tte representation ^reaifialy as 

if it were, the original specimen, magnified in all three 

distensions'. For exacple, the optical viewing ayeta* 2?, 23 
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ahcmi in ?iguie l t nhicb enables repress tat ion tc be 
vi^e^ ir, 6 brigat field with s&pltvtide 2on treat , can be 
Xepla^&cJ by a £h&s& nostra a % aicroscope and r&e r^pre^sfcsritai 
viewad wifcfc pr^seo contrast. It is also ^ossVale to irwr the 
representation xn * dais fit Id rit^ amplitude or p>m ac- 
cent rset, 

It Is often preferred uo -ttew Tk& ^ijpesej&tatios in & dark 

fields this ciethodo? visTain^ teins- orbicularly advantageous 

* ■ .* • 
^Sien low intensity illojulnaticxa or .the. speoitefcs has been' 

pp^d laths pYO&aotitfa q? the aoios^ams. . Es-Ctfods or" 
producing & dart jTield are- dsa crimed "in- the publications 
ojef,tiaa*d sdovs. 1b the present aaae e'^lj. opaque sjrot 
can oe iatroduced 3>etT,ettn the lens 3? and -the eyepiece 28 
m e plane in rhish a real iir.ag& or tb* aperture is forced 
so as to intercept the light footing the. said real im&g<u 

An advantage or optical apparatus* of the iiad 
epeeiri&d is tli&t it i9 not necessary to ehsurs tfcav tk* 
spec leer arid the photo sensitive surface lie accurately is 
eonjugat* planes vt the objective Tfce effect of ■ 

altering the relative positions along the. optical *xl£ or the 
8 pa c ice a and she photographic plate Ss, uhen tfcfc representa- 
tion is attained, merely to alter the position of tha 
^presentation along the optloai aiia o£ tfcfe vie^ix^s ays tea 
Zf atd TtoUia, espoaurea can be cade without any 

preliminary focusing, 3in5l even if tha- apeoirjea is exposed 
^o apsoicen-illTiniinatins beam 7 tfEilst tee optical 
systea is adjusted apxjresifiately, ttu tlnu& or supn expoaure 
ii much less ttiar. it T70Ciia ha if the optical ays tew had to fce 
adjusts accurately- SmilexL?-, whan the holosraos are 
visaed the shape of the TiaYftrxonts 01 the two background 
illuminations is not critical* aince effsot of varying 



-10- 
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taza ahapz- (i.e. Dy adjusting the position or >hs oojeouife 
15 skitaS She optical axis) is to move tha representation 
ia a direction parallel to tte optical «ie or the viewing 
optical system, (Elhia feature iias "oeen discussed i* the 
sac dg d of ttie a'ocvs-ncj] tiered V3Q publicstiooa* 

?ba quadrature pridft- 13 is sJgovo ia Gst&iX in figure Z 
ted eonaista or t*o triangle r t>risris having *hin # pertly - 
rejecting anc partly- transmitting, layers of aetal. or the 
liVjes deposited ^ tzxir surfaces IS a^fl. 17, 3fcd *eparate6 
by- a layer 16 of transparent cater lei TJhich, preferably, has 
a retractive iadex not very different tram tha* or the 
.glasa of t>*tt prisma* Sold or silver era. suitable aeteriaia 
^tor t£e layers C£ 1fra surfaces 12 aad 17, and transparent 

aluainiuD oxide or evaporated ^aartz for the transparent 

• - . ** " " .* . - 

Asyer IS* It san oe sbowo thst tke jiiaae diapiftoejtte&t* J 
oe^gtaan th* reflected and transmitted waves i«a proportional 
to the thiskw^ss of - the leyer ana depends in a . 
.a omenta t complicated 'jroy on the optical properties of tha 
"ChiK znBtal layers* 

A lajsr IB which give 8 the quadrature prism 13 tfce 
quired light -re? Lectins, -trarjarf.ittiag and -phase -shifting 
properties has a thicfcn&tis of d - 0.17?*, i fceing the 
^avelesgth in the aeteriaL of ttie.Ieyer 18 of the 
dc^ochr static ll^ht used, For ezacrale, if the refractive 
index of t; A * materiel is 1*52 and if the green a*rcury line 
(S4S1 JUU;j i& used, * suitable vilne or d is 540 A.tf, <B&g .i^iib 

£ is otteinbd assuming that the metal layers ars or 
negligible tfcicjteees and negli^ibl« absorption, vlt-a a 
reflection ecerficient of 0.2*? for each. If the absorption 
is not negligible the reflection coefficient muat h« alig&tly 



544591 



induced to a&lis tha rsrisc^ai 3^<l tr&isaitted portions or 
eqaal intaneity , ano ths tfticfcr,aES of tie l&yeT 13 must be 
slightly ^dusefl to give & p>-ase aispleceei&nt of t^-£ Required 
magni'toina, ^-a the. optical pronarsi^ 01* fcliin- ©eta:, layers 
casnot be ^rcdict^d in adranc*, oo*rectio.aa , far axntapls in 
the thickne&a of the layer 16 or or one otf tas layers, 
umav bfr pafie as tie prisa is teine obstructed, the above 
^lgur^A serving oniy aa a *irst &qpp502iG»tion« 

X jaiM;lcui.A*iy awanle and accurate oathou" a£ tasking 
tfc£ quadrature pxiait IS ia a* felloes. A layer of silver 
ia deposits a by evaporation ab, say, the surface 1.5 of tie 
corresponding fcri&nsttlar priaz&j the thickness of t&a layer 
baing esti&etea .pbaex^ati&svof ita .refl&ctio;) coefficient* 
7ha 4epoaiti*n prases a Is a tapped tfhen ooefficieat 
raters a^out .TnesTe lay&r or tluaixtimr i& deposited , 

again by evaporation, on tie sil^esrlsycr uatdl tae- 
rsf^onios cofcffici^£.;.xea<itas ebout a0#. ao&tca . 

surras* is aow Wjto^^^ . 
tike a Illinium layer ia ectirallj converts* into transparent 
sluc&niUEi oaidfc, th© reflection coefficient decreasing to 
epproDuntstely i$a former *aiuo -hi a layer of 

transparent. aluciEiua Ofci&s ocnstitu-iea the transparent 
layer 1&. & second Iftyer of slave* is new depositee on 
the layer of aiiicuniusi o*1Ae untii the mfiacti©* coefficient 
reaQfc^a ebout 50$ and tie steo^nd triangular prtsE ia- then 
ri*en accurately in position using Ca^saa balsam or 

other 3Uita"Dle cemsnt) <aith ltd surface 17 in contact 
t?ith tba &ecca<l silver layer. Ths phass 4Uplaee»eiit 
proaucefl *y ute oojipleted quadrature pria^ c<*v. be measure 
accurately ia tne apparatus ita If by i^tro-auoina a *ea* 
leas into t*<s path of one of the oeatsa 7 enda» Ike t*o 
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ifc-teiferipg \?aYerroat& vlll then hove a slight curvature 
xsitrtlva to or.e another ano the tTO pfcotiO£ra.pha oot&ined on 
the plate 31 are <?f systems of Sewtcn ringa. If the 
prism is correct then the phase displacement between toe two 
fringe ayatst-g must; "be en odo auDber ox quexte* fringe* * 

In the aecora apparatus shown in xl&ure g the optical 
alementa vis so errerged that the angles or incidence at 
all the tBf lectin* EiirfaBea &rs SG° instead of 45°. Tiiua, 
tth* aaouax of polexizaticii obtained as r&Jiaclii&n &ti theae 
auTfacea is greatly educed and a 'bettey aalacce can tie 
obtained 05tT;e&n ^he tcplitvides of the beams. 7 and 8 *Mch, 
if polarised, axe .polarized in the same plaa* asd tfras «e 
capable £f producing interference v In this ?iguxe 

tii^.pwts corresponds to p&r^a aho^n" in l are 

: given- the same rerererce. Euaerals. It will be ajpa^ent, that 
It la joasi'ole to reduce the incidence angles to the normal 
beloi?' 30° and thus to elistiiwcfr polarisation to any desired 
extent* 

Tj» third apparatus shoun In Figure 4 has the 
advantage that it oa> *e p reduced by &4i table kofiifi cations 
• or a comparatively simple nature to microscopes of kEsroi 
type, in p&xtisui&r to phase costxaat oicayosoopa-a* As in the 
previously-dsaorifced apparatus monochromatic light f ron. &n 
aperture al and horning 8 s^ecimen-illojunati:)* team is 
direCDsd bj a aor-denser Ifcas sy&tsa 22 or. to a. apeoiaen 33 
supported by a transparent slide 34, the system 3S 
pjQ^Gi.ns an itaage of tha aperture in ox near tae plane 
of ttie sreeoiMj;. She light tt**n traverses* a microscope 
objective 55 arranged to profiuce a raal tea^s ^ th* 
aperture- 31 in a plats tfiicii is ir« o? near th* *ear fo*el 
plane of the *icro5C<??e object!?* end which is occupied by a 



transparent slide 3$, 

The slide sa stt£3orts a "ojuar^er-Tia^e" 21a te 57, 
of aloa, the area of the plat* bsic^ auch ttet the eaid real %i 
i&sge 9? the aperture si ftlls entirely ^ritid.'u its boundary 
while raost or the light diffr&ct&d by t*xe spec Stan oy-pesses 
it* Tie tbioiosess of plftU &7 is such that it 
produces a phase differssca of ar coo sumoe* fcf quarter Tfayaa 
betwenj aay # ligfrt having the direction or its electric 
vector ti*e plane of tha drawing end light ti&Tihs the 
direction of its alee trio vector perpendicular tc the plane 
of the drawing « 

tnia apparatus tha apeeinen- illfiDr«i&ati:ng baaa 
incident on the sp^eloen ana ita support is, in effect, 
separates by tiie apaelaen itaeif iuto a aing!* mfcraation- 
oerrylng boam-and a sinsl* background beam. TCrtJieY "the part 
of the light incident on the specimen aad 1^3 support 
uhtch is diffracted at Che specimen is the information- . 
carrying beam aad the part of the light *fcich ia unaffacted 
by the specimen iff the bac>sprour;d cea** -The comparatively 
large *atio between baclc^round and..l^rj^tion-caj?ryitjg beam 
intensities, irhish is desirable to ensure good r*a\iLts, is 
autocratically obtained Tfith apecimena of smti ienaity, " ' 
lie. thoea diffracting less than 5-10£ of the total density 
of the light incident thereon^ In tie case Df dsaiaer ap^cinwos 
it ia advisable to- arrange ?fcat tHey ars surrounded by a 
oi*ar ansular region pesa eulficicnt unaffected light 
to fortfi be adequate background iltoteinstion* 

Sinoe the light forcing the iaforsnat Ion- carry ins 
beam la that tfhion hes bean diffracted by the specimen, 
this light will "ce incident ape* tfca pert of xhe slide 36 
surrounding the plate 37 end *m be \maf fscted oy tfcafc 



platc« 2ke light {orminf! tha bacfcflxour.fi beaa will be 
incidwrs od tte plats 37 end the light transmitted 
tesreby haying its electric vector in one plan* wiii differ 
in phase ©7 an odd number of quarter-flpvas frees tha light 
tra;>SDlcted ti^reby navin^ ita alec trie vector in a plane 
perpendicular to the said cne plane, tshe light emerging 
frOG the plate 37 bei-n^ as yat unpolari&ec\ 

The light -*hith has tr&v$?$ed tas slide 36 r.nd plate 57 
ia iiicideat UJ)€>J3 6 birafrisfeeaQt pri#a 38 (*hifih preferably 19 
a Sellaston prise), whiafc splits each beat infcc tw© 
polarized beams aaviag their electric vaatcra at riskt 
angles to -ane anouhcr, the last-mentioned oeatts aeiag 
incident on the photosensitive surface of a photographic 
plate 59 aborted py s f raoa or slide 40, and the 
arrangement of the . ado roacopft objective 35 baiflfi *ocid that ttjd 
iKfigea the -speclaii'ii- are produced in the. plans of the 
p ho treenails ire surfae* i The irjrG Ice gee proceed by the 
objective 85 are tilted in opposite air&ctlona relative to 
the photographic plata asd tWs tilt 2s cajapexiflBted by a 
prieni 41* Thua> the alalia iaforaatlofc-carryiag aad siRgle 
backgrcrund- bc^jDS &ra each apllT ir/ro t«fr bea»s polefaaed at 
right angls* to one asotfcar, and each inrora»tiiiri-'Carrying 
beam-has associated tners^ith a respective background beak. 
Tae tipo infer -uat ion- carrying beans fc^e in phase vita one 
another, but owing to ^h? action of the plate 3? f the tiio 
bacKgrouad beams are ou* of pfcass by as odd number of c/uarfeer^- 
wares* ao that the necessary condition, for the production, at 
Xto ooqpleaesSary jtologrsjas is fulfilled, 

IPhe arrangement of fche apparatus a a far as the 
plate 67 ia similar to that of phase contrast? aioffoasqaea 
of tha Serfticke type, the aaaentiai difference being tfcat itt 
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ptese contrast aic.roacopes * phase diaplaeemaat of an odd 
number or qaerter T>»v*e is produced bst^cen en inform t ito- 
carrying ba*te diffraoTeO the »p*cim«r- and a background 
be arc i?hich ii not affscteS by t^a specimen, rhercsu in the 
apparatus or the invention 9 difffrraace of on oda number 
of quarter waves ia crodaced tet^eeir tile two jibaae- 
diaplaceaejits of tie Lr/fa relation- carrying oeams relative 
to tkeir respective baskg^suAd fceans, tfra tackgrouna baaits 
having tha direction* of their sieotxls vectors psrpesd lzul*r 
to one another, ana the phase displacement between each 
information-carrying beam ana its respective background 
besa being of no importance, 

She coaMnea effeot or th* 'anartsr-wav* 1 ' plate 37 
and tte UoXlaeton prism is that ths t*o isna&es and A™, 

pxoq^ced in the "plane o? the paotoaanaitiYe surface . 
have their electric vectors polarized a* right aaglea to one 
another, Vslbj are of eqaal intensity and the phase 
dieplaceEeate or the wave fronts of the t*o background 
beama relatively to ths Tavef ronts of their respective 
iflro:rMtio*>. carrying beaas differ )py wi odd number of 
quart&r sieves. The photographic ercaaion formias the 
photosensitive aurfaoe la, course, inaenaitiv* to 
differences in the pol&riaation of tae si e<s trie Ye c tors, 

tfhea rieuiDB th? tee holograaa e face- silvered tairror 
42 ia placed above th* plat* 39, aa in the previously- 
daaoribed apparatus, aad a semi -reflect ing, prism 4& is 
provided tc reflect light frofc the. tfoil&.ator. priam 53 
throngfc a rielfi lens 45 to an eye-pieot? Owinc to 

th* jreaenc* of tbe prisr* 33 the tvo bestfa of 11 silt from Va& 
holograms are polarised at right anglss to one another so 
that recombination there is no icterrer&ice betweea the 
two Dea.us, th* o&Xy effect being Tthat the irrt&n&itlaa of ^e 
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bestaig ere added r In order to "oxi n.©. theca tc interference 
a polarizer 45 la introduces in ths optical path beiges th* 
fcrisa SS and the fcya-pisoe 44, tie piLane of polarisation 
thereof b«zEat4p 0 to tte places of polarization ot the t*o 
beaas la the r«oosa(bfi£M beam* The required phase 
diaplaeepant of &rj odd »u»ber of quarter *avee a&tweea tin* tuo 
beajaa 125 the raaomfciaisa heeasi is $rw5uped, as in the 
previously- described microscopes, by tilting the :?rame €.0 
cawing xfc& plate 39 abou^. an &*ia 46, a [iioromeser acre* 
47 being provided for till a purpose. 

Id figure 4, the transfers? dlrw^aiohs of t^e" appar&tus 
have been exaggerated to ensbl& ^he ports thereof to be 
clearly Illustrated (also in Jigurea 1 to s;C t 'In practice^ 
Vhen using the ru.ll Tie Id of the apparatus the diazr.eter 
of thfc imagea A' B T , A*. B" on ttia piioto§rtpbicr plate «ill b* 
a taut 10 mr&v each* Hence, tie quarterns plate 37, its 
support SG and the prism 35 can Warily *0e aos'anooda ted 
in a toicr&acop* tab* of ntumal aiantetfcx, or otly alightly 
larger, Thna, it will be apparent that a nomel 
Taioroscopfc of know ttfpe can readily be can verted tp be l& 
accordance T?lth the invention wit* relatiYely few alter&tious. 

It till be apparent that other birex'rlngant beam 
splitting, means guoh aa > for es&nple, a jloohoa prism can be- 
uaea to replace the hollas ton pnsJft 53; 

If it is deaired to use xhe apparatus of Figure 4 
also ad a phase entreat microscope tto cUflrber-Trave plate 
57, itoish will usually bs o£ mioa, may to arranged relatively 
to it<j supporting slide 36, tfhich Tjill usually be of giaee, 
ao tbat in one o£ the too 2ialogr«EW the phase disTJlactt&ent 
benr^i^) an infwinat ion- carrying beac ukich baa passed only 
"fchroagfc the support ins slide 26 and a background beam Trhich 
fcts passed throu.sk the plate and the support 3& la ea odd 
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nunbar ^ quarter waves* la thi* a&sfe the &aS4 aoa of 
the tiro phcta graphs, if ill repressr/t pare pnaae contrast; 
ond trie other of the tuo p:iotc graphs ?ure aaroLitude contrast 
the ptoo graphs being oYtaia*fl simuitanfecualy* 

' It tfill also fc* evident tSat rha ftqicsroms may "be 
profiucea ay illoiiriatir^ the object \iith r.wa-vialbla 
reflation, s P g» radiation .in tt*e iafxa-rBd or ulfcra-Tiolst 
regioj2& I &a6 by usittg^a ph*ota$rsphie pl&t* s^siBitive to non- 
visible radiation or th* *&v&leneth %sea. If tas iioiosraxs 
thus produced are 7iewed with Visible ligkc a visible 
reproduction i?ili "ae- 6btsined". : '.At,th& present time 
ELicroeCopss in accordance tfiwthia inTent-ion can t>& . used 
vltk sources of *ave lengths over t&e range to 14,000 

**U. era photographic ettuilaioas are fcnoim havis* aurfioient 
sensitivity to llgfrt of this range ^- *avclen/5tfcs. 

Irrasularities in spy of ths optical *lec:ents n':.l<*ii 
might causa a disturbasaa or the i&t&rrsrenoe p&ttern 
irregularities iz the photog?ephio plete or the slide • 
tfip^orti&g tte spey&itosEj susfc bs cotorpesisftiad by komosenecus 
iaawreion in oil of tness arlaaients, as i= All 
esperimetta in diffraction microscopy* 

In to* eppecfiea Gleias the tan* "photographic plate** 
refers to 'either a photostasiisiYe plate or to a plate 
carrying holograms. 
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$2ae Kaooaiaents or the Invention Sa yfcioh an 
2xciuaiT2 Property ar Ppivilige is clsijC*a aw 5ef:ii:e-a 

1* Optical apparatus of xh$ kiid qitfc. tfble t a speolzseB 
can be illuminated 07 $ beam of coherent lisbt and a 
photographic raiord <s*n be. attained cf £.n ir.te rfarsis&a 
pattern proiuoed as a resalt 0* the illumination, b£l& for 
Fi ewSjag such Tec or as v/ith a scuroe of coherent ligjit,, 
the apparatus including neans for supportive - specimen to 
Ob srstained itt a £ir*t plane, meetis for sup porting a 
photographic plate in a second pla&e, Mans providing a 
beam of coherent lights, a bero-apiitter of tie partly- 
tr&ngnittiug end par^-re fleeting type for di7i6.1X5$ *ai& 
•fceaic- Into a fciga-iatsaaity toaoke*ou&tl teara end at Illuminating 
beam of relatively Ito intensity with respect tc th£ 
background beam, means for directing said illuminating 
oeaic onto said specimen second bsaaa- splitting, ona&na njeoaiving 
tile light bs&m transmitted fro*i a a id specimen and for&iag 
tvo inf oration- oarrs'ing: as am a of appro* lately efcttal 
intensity and ..directing tliem upon separ-ete portions of 
said photographic pLate> means aiTidlos aaid background beara. 
into t^o, Siigji- inters it? background beaicfi gujeriErposaa upon 
ttfi-Uo i'Dw-iAiJfcasity lafomattoa- carding beams withltt said 
separate sreas of saia photographic ?lot&j ma #&a&e-aaif ti&g 
rc*ahs KirDdncing a aifferenoe rf an odd numbar of itfierter- 
Tuavaa between ttie phess aisplacecrantE of ta* TO7e-f*onts Of 
tbe Wo baefcg^round beaaa relatively to ths toy ft- fronts 
of ttie ir respective info^ation-csr^isg betamat 



544591 



2. Optic*! apparatus ai«n?dins to clam 2, vhcttlu 
said phDtD£3?aj£ic plate CDJcrprlsas a phot 0£rop his secord 
of tTro hnlesrasss in salct second plains , reflecting ms&Ds 
loca^ei! bebing said seoond plan^ for VfcdiseotiEfc bacVc 
tnj'aiigji said seccaa.siaEe ttro background bearae of 
ootorent light passing throaga gald holograms, alcana including 
said Maa-35littins meens for scafcinlr," the t*o beacia 
afte^ the said redirection proouce in terre reuse 
therebetween, an eye-pieoe, a reflector reoavably mounted 
between satd rlr&t jlatt* an4 said bean- aplitt lag means for 
bloc^ins the fcean from said specimen ar>& for receiving 
the said rscflDoinedi beams from, ssld beam- splitting 
att&iw and aireo ting .the recox'oined "beaaia onto said eye-pieoe, 
a not meatffi for YaxjPins t**$ phase diajplacanent between, the 
wave-Sroata oX the "basgropna beaa&« 

S*. Optical apparatus ac^ordlag to elaJa 3, wherein 
aft id ceana fcr varying the pixasa displacement bfctraen the 
*&vef ronta of tftt background cemprlM/fnM for 

support ins t2ae photographic record in the aatd plane, the 
txoae being noun tea for tilting ciovejsent to "rsry 
islatively to one another tha optical l>atti lengths for 
the bea-cground baaas b£t*een the source of coherent light 
and the frame,. 'and a aoier-ocieter screw controlling tte 
said mo-vea^nt of t&* frame, 

4« Optical apparatus aco&raing to clsid 3, and far 
viewing ti« photographic record ia a dark field, wherein 
a* ppeqa* spot ia disposed, in a plan* in tfbich a real isi&gG 
of the source of coherent li&ht is formed , and is so 
arrange* that Xt intercepts the U££t tomlaz the sail 
reaV imags and prevents it* traasaissisfl to the said" 
eyepiece. 
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5. Optical apparatus e a -sordini to claim -1, tfa*reia 
the said psrtly-rerlectuig ard -traiis/DittiES ne*»s *r« 30 
arranged that th<s iatsnsity of the ssifi Ulu*lcati»s fceaa . 
is bc^ssn iC$ and OJJgS of th* intensity a? *h« b&skgrcuaa 
heem. 

6» .Optical apparatus' asfccc^lag to olala 1, therein 

the means dirsctiag each of ~hs said inf c 2^ tier.- carrying 

beams together 7>ith ft. different oe* of tiro bscfcgrcund 

beans* upon ^separate portion of tha said aeoouu t>Lax2 

and producing a piiag^ itXf^rerjDe of ac cad pusher of 

quarter' vs^a l*et**er. the ^av^rronts 10 f- two fcaokgroucd 

' - % ' . • ' 
teaaia relative .to "fche* waTOffrWlTi; of : thair respective 

information- carry tag b'escus coxpittae $ quadrature prixaa 

providing tv?ci parity-rafisc.tiiis aid "-tr aiianlit ting layers 

disposed- geralLen. to one aabtiier and spaced predate mined 

diatarce apart. 

7# Optical apparatus according to claia S, wherein 
tha apace fcetueeji tha said ' ttfo par tly-re flee ting end 
-transisltting Layers *f the quadrature prian is filled by s 
layer of transparent aluminium Oxide* 

S* Optica I apparatus eoearitoG to.claia 6, whareio 
additional jriams aw provided in aa&vC'iatian mth tfca 
quadrature £rism, the tsraaeecettt "Deifcg suon ttot tiie aeams 
transmitted and reacted by t&a said t*o partly -reflacttag 
ana -trasiniiTtia* layers or the quadrature prism eaoh 
undergo the &aci^ number of re-lscticns, 50 that tha baeaus 
incid^t on the said second plane have the aaKS o'risntatrtojii 
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9. Optical apparatus the iind vith. Trfhioli a 
spsciiLj&B cao Willuatnatco* o? an iHueiaating aeaa cf 
coherent 2i^2it and a pLoto^rsphK? record, can te o"Dt&.inca or 

an interference pattern pro&iesa as. a Tesuit ot tiie 
iliuiDiiiation^ the app&r&tas irioluaiao 3i*aas tor ay£ porting 
a Speoiaisn to "ba examined in a firat plaa^ a^ana tor 
supports ~ photographic plate in a second plane, josans 
prc^idi&g $ priroarj baao. of coherent ligkt, mssns 
project!*^ a first portion of said prinary b*ea throiicfc s&id 
specimen and i'orrang a pair 0? secondary "heaias of 
relatival? low intensity carrying information atoyt said 
specimen, means trsasrcittiag e ssopnd portion of s&id 
primary said spaciaiea atai for faming said a&coad 

portloa into ft aetond pair of secondary beams of relatively 
high intensity »ita respect to said firet pair of teams, asm 
saeafas directing, said secondary heaoa ic interfering >&lrs 
Mpon *vi)o separate areas of said photographic plate, 
aacJi interfering pair comprising a lo*- intensity beaa . 
and □ hi^h- in tensity beetn, and ssaaa produci&i* a diff^saae* 
of 5*i cod aomoer of iruaxtsr r i)a-tfea tewreen t&s phage 
die jleceaent* of tie wave- fror/5 3 of the t\to j^sfc*in'ten*ity ■ 
beams relatively to the reva-fronta of their respective 
iitforiaati on- carrying teams. 

10* Optical apparatus acoorfling to claim 3 r wherein 
mean* producing * phase dirfer*nc-e of an odd water of 
quarter naves betvsea the wavefrcnts of th* tvo hBsfcgrouno: 
"beams relatively to the wavftfronta of tr*ir respective 
icf or^ation-csrryir<£ beaas aoitprise & bireftctoge^fc. 
quarter wave "paste so eryansea tnat it is traversed by light 
f owning tot information- car 27 lug beams ♦ 
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11* Optiseu apparatus according to alaia 10, -tf^i-ein m 
tfce said VI ret rin sent quflrt$r--*sve plats is go arranged 
tfcat 3 9t least in t±e said sec&na plase, es&e a? tfca t-co 
ioforxatXon— zarryiiig fcsattB .is ia E*ara phase- co^tr-ast relation 
to -".ta regpeative sa<2"sg:rauntf fcfcfca *aid tte cnhei? iaf oltnatiOc- 
oarjyirj-z ^eaa ia in pure amriituftc-oontxast relation 
to its r<s s emotive b&skgycsriei ceasa; . 

IE« Optical a*??ajaviig according to claim 9, tod 
ooTcjarisins $ \>iref ringer, t pyisft consul tut ixi£ tie s^ass. 
forming tho pair or. relatively low-icuejasity seconder? 
teacaa a&d the pstij? ctf aaeondary bears of relatively bas£- 
i»-t0nsi^7, art* (Utfecting ,'aaid secondary o«aras : ii . 
iat»rrerin$ pair* upon two* separate sreaa or. a^id 
photogenic pl&te, '. " 

is* Optical spperatus ^coorSitg to claim and 
la eluding ciseas for supporting e> photographic rrecora 
Gacprisiag wo holograms in sbICi second plate, a.n e^spi^ce 
receiving a 'oean comprising t?/0 -Dacxcg-roiuiA seacs 
taaeined by the birefringeat larisitand .a polariaer disposed 
in ttfi ^atii or tiie lasv-msiitiDcsd c-pajt- be tire en tie 
birsfringsat priasn and tha eyepiece* 
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